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The complex ](q’- C,H,)Fe(CO)]+-dppe (dppe = ethane-1,2-bisdiphenyl- 
phosphide) (I) reacts with electrophiles through a p-CO and forms Lewis acid 
0-adducts with alkylating reagents (giving cationic y, -alkoxycarbyne compounds) 
or with alkylaluminum compounds_ Treatment of I with acid affords a stable 
r.cz-hydride salt (IV), [CpFe(CO)],(p,-H)(p,-dppe)t, which serves as an inter- 
mediate in the stepwise hydrogenation (reversibly) of I to a bridged bimetallic di- 
hydride, [CpFe( CO)H] ,-p,-dppe. This dihydride serves as a hydride donor, re- 
generating IV, towards Ph3Cf or CpFe(CO),(q*-CH,=CH,)+ hydride acceptors. 
The necessity of the p,-dppe as a “mechanical linkage” in facilitating some bi- 
metallic reactions is also established. 

We report that Cp,Fe,(p-CO)&-dppe)* (I) [l] exhibits an enhanced bimetal- 
lic reactivity towards electrophiles relative to its parent complex, Cp,Fe*(CO), . 
The p-dppe ligand both increases the electron density of the bimetallic unit (as 
reflected in the IR, YCO(CH~CX~) 1674 cm-’ vs. 1771 cm-’ for the analogous 
p-CO ligands on Cp2Fe2(CO),), and also serves as a mechanical iinkage that as- 
sociates both halves. 

P h,P PPh, 

(I) 

*CP represents $-C,Hs. and dppe depicts &haze-1.2-bisdiphenyiphosphide. 
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Bridging carbonyl ligands generally exhibit Lewis basicity and form Lewis acid 
O-bonded adducts [ 21. Accordingiy, titration of bimetallic I with triethyl- 
aluminum in CH&ll produces the 1: 1 adduct II (IR, vco shift to 1727 cm-’ 
with one-half intensity), analogous to that established with Cp,Fe,(CO), [2a]. 
The interaction of powerful alkylating agentj and I, however, leads to isolable 
cationic adducts III as Galhylated bridging carbonyl complexes. These 
0-alkylated adducts (III), fl+lkoxycarbyne complexes, quantitatively develop 
upon treatment of I with trialkyloxonium salts or methyl fluorosulfonate in 
CHJ& (IR: ZJCO shift to 1759 cm-’ with one-half intensity). Ether precipita- 
tion, followed by reprecipitation from acetone-ether, leads to 80% yields of the 
two salts IIIa,b as air-stable brown solids *. Adduct formation (II or III) reverses 
upon tzeatment with one equivalent of iodide or triethylamine. 

(1o.R = CH-,, 

1b.R = CHZCH3) 

E tjAl 

I- or Et3N 

“R+ - 

(17a,R = CH3 ; 

Ilb, R = CH2CHJ 1 

I I 
PhZP PPhz 

/ 

(III0.R = CH3; 

IIIb.R = CH2CHg) 

0-alkylated adducts III represent the first examples of either strictly bimetallic 
or cationic ccmplexes possessing a M2-alkoxycarbyne ligand. Examples of neutral 
and anionic p,-alkoxycarbyne complexes have been prepared by alkylation of P,- 
carbonyls on several anionic cluster systems [3]. Cationic binuclear iron com- 
plexes containing a bridging alkylidyne ligand p2 -CR[ Cp,Fe,(CO),] f have also 

been recently reported [ 41. Until now, binuclear organometallic complexes bear- 
ing P-CO ligands that are sufficiently nucleophilic for 0-alkylation and conver- 
sion to p-alkoxycarbyne groups have not been reported. 

The reduction of pr,-CO groups to p2-C1 ligands, via +alkoxy (or -hydroxy) 
carbyne complexes, represents one approach to catalytic homogeneous hydrogena- 
tion of carbon monoxide, or Fischer Tropsch chemistry [5] _ We therefore con- 
sidered the possibility of Lewis acid 0-complexation of a P-CO on I followed by 
hydride addition at the activated P-C atom. Borohydride reagents, however, readi- 
ly react with II or III under a variety of reaction conditions and eliminate the in- 

*AU new compounds gave satisfactory C.H-elemental analyses. IR. and NMR data in accord with the 
Proposed structures. 
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tact starting dim& I. Diisobutylaluminum hydride reversibly forms a 1: 1 adduct 
in CJ&Cl, with 1 (analogous to II), which does not reduce (even with excess 
aluminum reagent) the p-CO. Continuing studies are attempting to establish the 
appropriate Lewis acid activator and hydride donor for reduction of ,+-CO 
ligands to pz-carbene groups. 

The two electron Fe-Fe bond in I exhibits sufficient b&city to undergo 
protonation and form a cationic bridging hydride compound IV with trifluoro- 
acetic acid: IR, vco(CHzC12) 1953 cm-‘. Treatment of I in CH,Cl, with 
HBF,- c)Me,, followed by precipitation with ether, affords a green-air stable 
product (iT,r) in 90% yield: NMR (acetone) 6 -36.8 ppm (t, J= 28 Hz, lH, pCL1_-H). 
One equivalent of triethylamine or even iodide (albeit slowly) quantitatively ef- 
fects deprotonation of IV to I in CH,Cl, solution. Analogous cationic pL,-hydride 
compounds generated by protonation of a metal-metal bond have been detected 

for Cp,Fez(CO)4 161 in acidic media and isolated from other bimetallic com- 
plexes [ 71. 
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The cationic ,+-hydride compound IV represents an intermediate stage in the 
stepwise hydrogenation of a Fe-Fe bond in I to the bimetallic dihydride com- 
plex V. Sodium borohydride converts IV in tetrahydrofuran (THF) solution to V, 
which can be isolated in 62% yield after chromatography on alumina with 
benzene. The dihydride V is a yellow-air-sensitive solid possessing chemical at- 
tributes of the analogous monomer* CpFe(CO)Ph,P(H) (VI) [S] : NMR, VI (&I-I,): 
6 -12.7 ppm (d, J= 74 Hz, Fe-H), V (C6H6): 6 -13.1 ppm (d, J= 74 Hz, 2H, 
Fe-H); IR, VI (CH,Cl,): vco 1915 cm-‘, V (CHJX,): vco 1910 cm-'. Thus V 
also exhibits the free radical reactivity of most transition metal hydrides [lo] 
and instantaneously forms the bimetallic dichloride VII in chloroform. 

One equivalent of trityl carbocation or of the qZ-ethylene complex CpFe(CO), - 
(CH,=CH,)+ in CH,Cl, rapidly and quantitatively converts V to IV_ The reduc- 
tion of the ethylene complex to the q’-ethyl compound CpFe(CO),CH,CH, cor- 
responds to intermolecular transfer of hydride from a transition organometallic- 
hydride complex to a coordinated ligand*k*. 

Interconversions between I f IV * V merit consideration for two reasons. 
(I) Overall conversion of I to V, stepwise hydrogenation of a metal-metal bond, 
exemplifies separate addition of a Lewis acid and a Lewis base to a metal-metal 
bond without disrupting the bimetallic unit [7a]. (2) The reverse sequence, V to 

*A linked bimetailic-dibydride derivative of CpMo<CO),H. but joined through the CP rings [gal. also 
undergoes reactions est&lished for its monomer. Other symmetrical bimetallic dihydride complexes 
have been reported [?b.gb]. 

**A publication detailing the use of VI and other mononuclear organometilic hydride complexes in 

effecting intermolecular hydride transfer to coordinated alkene and carbene ligands is in press C151. 

.-- 
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I, may serve as a prototypal mechanism of sequential hydride and proton trans- 
fer from two transition metal hydride fragments on adjacent metals in effecting 
hydrogenation of another coordinated substrate. 

Facility of these bimetallic-reaction derives in part from the role of the Cr-dppe 
ligand in associating the two halves of I. Indeed, the pronounced stability of I 
contrasts the inability to prepare unlinked bis-tertiary phosphine derivatives of 
Cp,Fe,(CO), [ll] _ Attempts at studying cc-hydride complexes analogous with 
IV, but otherwise lacking the p-diphosphine, further demonstrates the im- 
portance cf the cc-dppe mechanical linkage. 

Treatment of a yellow CH,Cl, solution of VI with one half equivalent of 
trityl carbocation generates an emerald green solution and shifts its IR vco of 
1915 cm-’ to 1961 cm-‘. Further characterization of this product, tentatively 
formulated as [CpFe(CO)Ph,P].H*, proved difficult as it readily decomposes to 
CpFe(CO),Ph,P+. An analogous p,-H cation, [ CpMo( CO),] 2H+, has been re- 
ported as the result of the reaction of CpMo(CO),H (two equivalents) with Ph$* 
[12] _ Preliminary results are also in accord with VI interacting with one equiv- 
alent of either CpFe(CO),* or CpFe(CO),THF+ and generating CpFe(CO),-H- 
Fe(CO)-Ph,PCp+, before decomposing to CpFe(CO),Ph,Pf and C!pZFe,(CO), _ 
CpFe(CO),Ph,Pf results from the known decomposition of CpFe(CO)Ph,Pf [13], 
and Cp,Fe,(CO), comes from CpFe(CO),H [14] _ Clearly the dppe mechanical 
linkage within IV retards the detrimental dissociation to the neutral metal 
hydride and cationic coordinatively unsaturated halves, CpFe(CO)H-PPhlCH1- 
CH,Ph,P-F&CO)Cp, which prevails for the unlinked p-H cations. 

Acknowledgement is made to the Donors of the Petroleum Research Fund, ad- 
ministered by the American Chemical Society, and to Wesleyan University for 
support of this research_ 
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